Recently, the quality of lamb meat has been regarded with attention to the content of intramuscular fat, and its fatty acid profile. These indicators are determined by the feed administered to the animals. Apparently, the type of silage used in animal nutrition may be important. The objective of this study was to determine the effect of feeding lambs with silages produced from different plant species on selected meat quality traits. The experiment was conducted on 24 ram lambs, divided into 3 equal groups fed with red clover silage, alfalfa silage, and grass silage, respectively. After 60 days of fattening, the lambs were slaughtered. Samples collected from musculus longissimus lumborum were assayed for: contents of intramuscular fat, cholesterol, the vitamins retinol and α-tocopherol, and the fatty acid profile of intramuscular fat. The meat of lambs fed red clover silage was characterized by a higher content of fat compared to lambs receiving grass silage (P ≤ 0.05). The concentration of vitamin E in the group fed grass silage was the highest and differed significantly (P ≤ 0.01) compared to the group fed alfalfa silage. Intramuscular fat of lambs fed red clover silage contained more polyunsaturated fatty acids n-3 and was characterized by a lower ratio of polyunsaturated fatty acids n-6:n-3 compared to the lambs fed grass silage. The concentration of conjugated linoleic acid was higher in lambs fed grass silage compared to fat of lambs from the other groups (P ≤ 0.05). Feeding lambs with silages produced from various plant species had a positive effect on traits characterizing the health quality of meat. Until now, only a few studies have been conducted in this species; this is the first such comprehensive study in sheep.
The high quality and health-promoting properties of lamb meat determine it to be a valuable food product. A key factor affecting the health quality of lamb meat is the feeding of lambs (Ząbek et al. 2013) . Very often, the basic component of the lambs' diet in the winter season is silage. It is mainly ensilaged from grasses or, alternatively, their mixes with papilionaceous plants as well as from monocultures of papilionaceous plants, including alfalfa or red clover. The type of silage administered to animals may influence the quality of their end products. Lourenço et al. (2008) pinpointed the dependency of the fatty acid profile in milk and meat on the type of silage used in cattle and sheep feeding. This mechanism consists in the modification of metabolic processes in the rumen, leading to substantial changes in the fatty acid composition of milk fat or intramuscular fat. A key role in this respect may be ascribed to red clover which is likely to exhibit a strong capacity to stimulate changes in the fatty acid profile owing to, among other things, a high content of polyphenolic oxidase (PPO) that inhibits lipolysis (Dewhurst et al. 2003) . Studies have shown that inclusion of red clover into the lambs' diet in the form of both green forage (Fraser et al. 2004 ) and silage (Lourenco et al. 2007 ) had a beneficial effect on the fatty acid profile in intramuscular fat, as it increased the contribution of polyunsaturated fatty acids (PUFA) in this fat, including that of conjugated linoleic acid (CLA) cis-9, trans-11 being of high importance in terms of health. Research done by Lourenço et al. (2007) suggests that feeding lambs with different silages induces changes in fatty acids metabolism in the rumen that may derive from differences in the extent of PUFAs biohydrogenation. This substantiates the necessity of including silages made of different plant species into lambs' feeds. In consequence, different production effects of lambs may be expected, including also the quality of their meat.
In view of the above, the aim of this study was to compare selected traits characterizing the health quality of meat of lambs fed silages produced from red clover, alfalfa or grass.
Materials and Methods
The experimental materials were 24 single ram lambs of the Polish Longwool sheep variety Kamieniecka, weaned at the age of 70 days. They were divided into 3 equal groups (8 lambs per group) that were fed ad libitum experimental silages prepared from the second cut of red clover (RC), alfalfa (ALF), or grass (Festuca rubra) (GR). The initial mean body weights of lambs were comparable in all groups: RC -22.63 ± 0.92, ALF -22.63 ± 1.30, GR -22.71 ± 1.11 kg. Apart from the silages, the lambs were administered barley meal and premix, at daily doses of 0.5 kg and 12.5 g/lamb, respectively. The specific fattening period spanned for 60 days. Digestibility of dry organic matter (DOMD), ether extract and crude fibre of silage were determined in vivo by the balance method, before fattening. All animals were placed in metabolic cages, and were fed only experimental silages ad libitum. After a 10-day adaptation period, the amount of administered feed was recorded; refusals and faecal samples were collected for five days (digestibility studies).
Contents of basic nutrients in samples of feeds, refusals and faeces were determined using standard methods . Animals were administered with a grain mineral premix in an amount of 12.5 g/head/day. The mineral premix contained (%): calcium carbonate 15.95; sodium chloride 10; magnesium oxide 5; natrium-calcic phosphate and phosphate 1-Ca 4; and carrier up to 100%. AOAC (2005) , whereas those of NDF (neutral detergent fiber) and ADF (acid detergent fiber) were determined using the method by Van Soest et al. (1991) . Silage samples were also assayed for: pH value -with an HI 8314 pH-meter; contents of acids: lactic, acetic and butyric in an aqueous extract -with the method of high-performance liquid chromatography (HPLC) using a Shimadzu apparatus with a MetaCarb 67H column by VARIAN company; content of protein nitrogen (N-protein) -with the method with TCA acid (Licitra et al. 1996) ; and content of water-soluble saccharides (WSC) -with the anthrone method (Thomas 1977) . Table 1 presents results of the analysis of the chemical composition, characteristic of fermentation and nutrient content of silages. The nutritive value of silages was expressed as metabolizable energy (DLG system 1997) according to the below equation: ME = 0.0312 × dEE + 0.0136 × dCF + 0.0147 × (DOMD -dEE -dCF) + 0.00234 × CP where: ME -metabolisable energy (MJ), dEE -digestible ether extract (g), dCF -digestible crude fibre (g), DOMDdry organic matter digestible (g), CP -crude protein (g).
The nutritional value of barley was determined according to the DLG table.
Silage samples (1.0 kg) were collected once before the experiment and × 3 during the experiment. Refusals were collected and weighed daily and pooled into one sample per each 20 days of the experiment. Samples of barley were collected × 2: before and in the middle of the experiment to determine the mean chemical composition. Silage samples and subsamples of refusals were stored at -25 ºC. After thawing, selected samples were dried at 60 ºC in a Binder dryer, and were ground in a Retsch 200 mill to a particle size of 1 mm.
The fatty acid composition was determined by Gas Chromatography (GC) on a VARIAN CP-3800 chromatograph (Varian Analytical Instruments 2700 Mitchell Drive, Walnut Creek, CA 94598-1675/USA) equipped with a flame ionization detector (FID). Fatty Acid Methyl Esters (FAMEs) were prepared by Peisker's method as modified by Żegarska et al. (1991) . The FAMEs were separated using a CP Sil 88 (0.20 μm) capillary column 50 m long and 0.25 mm in diameter. The column temperature was 180 °C. Injector and detector temperatures were both 250 °C. Helium carrier gas flow was 1.2 ml/min at a split ratio of 1:50.
The ram lambs were slaughtered at the following mean body weights in groups: RC -33.66 kg, ALF -34.69 kg, and GR -31.75 kg. Samples for meat analysis (100 g) were collected from the musculus longissimus lumborum removed from the right side of each carcass, after 24 h cooling of carcasses at a temperature of 4 °C. The following indicators were determined: cholesterol content by the enzymatic method with cholesterol peroxidase (Trinder 1969) , using Pointe Scientific tests; and contents of vitamins: A (retinol) and E (α-tocopherol), with the method described by Eriksson and Pickova (2007) . The contents of retinol and α-tocopherol in extracts were assayed with the HPLC method, using a Nucleosil C 18 column (250 × 4 mm), in the reversed-phase (RP) system, where a solution of methanol and water (95:5, v/v) served as the carrier phase. Retinol content was measured using a UV detector (336 nm); α-tocopherol content was measured with a fluorescence detector (FL, 293 nm, Em 326 nm). Fat content was determined, as well. The intramuscular fat content was determined by the Soxhlet method, compliant with PN-ISO 6492:2005, using the device FOSS TECATOR AB (Box 70 S-26321 Hoganas, Sweden). Fatty acid composition in the intramuscular fat was determined with the same method as in silages. Furthermore, values of atherogenic index (AI) and thrombogenic index (TI) were calculated using formulas provided by Ulbricht and Southgate (1991) : IA = (C12:0 + 4C14:0 + C16:0)/(PUFA n-3 + PUFA n-6 + MUFA) IT = (C14:0 + C16:0 + C18:0)/(0.5MUFA + 0.5PUFA n-6 + 3PUFA n-3 + PUFA n-3/PUFA n-6). The results were processed by one-way ANOVA, and the significance of differences between groups was verified with Duncan's test (P < 0.01 and P < 0.05). Computations were conducted using the Statistica ver. 9.0 software (StatSoft, Inc., USA, 2009).
Results
A low protein content of the alfalfa and red clover silage resulted from a significantly delayed harvest date (flowering stage of maturity) caused by long-term rainfall. Higher dry matter intake of alfalfa silage resulted from a lower content of NDF, higher DOMD and a lower total content of organic acids (Huhtanen et al. 2002) . Speijers et al. (2005) using the same types of silages in the feeding of lambs determined the highest dry matter intake for red clover silage.
The analyzed silages did not differ significantly in the content of saturated fatty acids (SFAs) ( Table 2 ). The greatest contribution in the pool of these acids was noted for C16:0 (palmitic) acid. The silage from alfalfa was characterized by the lowest content of monounsaturated fatty acids (MUFAs) (P ≤ 0.01), especially that of C18:1 (oleic) (P ≤ 0.01) and C14:1 (myristic) (P ≤ 0.05) acids, as well as by the highest content of polyunsaturated fatty acids (PUFAs) (P ≤ 0.05). The differences referred mainly to C18:2 (linoleic) acid (P ≤ 0.05). The lowest contents of PUFAs and C18:2 were assayed in the grass silage.
The analyzed silages had a significant effect on fat and vitamin E contents in the meat of lambs (Table 3 ). The highest content of fat was assayed in the meat of RC lambs (fed the silage from red clover), however, the significance of differences was confirmed only when compared to the GR group (P ≤ 0.05). In turn, the meat of GR lambs (fed the silage from grass) showed a higher content of vitamin E. Its content was significantly higher (P ≤ 0.01) compared to the meat of ALF lambs (fed the silage from alfalfa).
The silages applied in the study were also found to significantly affect the fatty acid composition of intramuscular fat (Table 4) . With regard to saturated fatty acids, the intramuscular fat of the lambs fed the grass silage (GR) was characterized by a higher contribution of C12:0 (lauric) and C14:0 (myristic) acids (P ≤ 0.01), and a lower content of C18:0 (stearic) acid (P ≤ 0.05), compared to the other groups. In analyzing the unsaturated fatty acids, higher contents of C14:1 (myristoleic) and CLA acids (P ≤ 0.05) and the lowest contents of C18:3 (alpha-linolenic) and C20:2 (eicosanoic) acids were determined in the fat of this group of lambs. The content of C18:3 acid was the highest in the fat of RC lambs, Table 2 . Fatty acid composition of silage fat (g/100g fatty acids).
Means in the same line with different superscripts differ significantly at AB (P ≤ 0.01), ab (P ≤ 0.05), S.E.M. -standard error of the mean and the significance of differences in respect of ALF group was confirmed statistically (P ≤ 0.05) and for GR group (P ≤ 0.01). The highest content of C20:2 acid was assayed in the red clover silage (P ≤ 0.01).
The analysis of the fatty acid profile showed that the fat of ram lambs fed the silage from red clover (RC) was characterized by the highest content of polyunsaturated fatty acids of the n-3 family (PUFA n-3) ( Table 5 ). The significance of differences was confirmed statistically, however, only in regard to GR group (P ≤ 0.05). The same correlations occurred in the case of the PUFA n-6:PUFA n-3 ratio.
Discussion
The analysis of traits characterizing the health quality of lamb meat points to different effects of the silages administered to lambs in the fattening period. The silage from red clover was found to enhance intramuscular fat deposition in ram lambs, especially when compared to the silage from grass. Speijers et al. (2005) , who used the same types of silages in the feeding of lambs, noted a similar effect in respect of subcutaneous fat that resulted from a higher intake of dry matter of red clover silage and from a higher growth rate of Table 4 . Fatty acid composition of intramuscular fat in musculus longissimus lumborum (g/100g fatty acids).
Means in the same line with different superscripts differ significantly at AB (P ≤ 0.01), ab (P ≤ 0.05), S.E.M. -standard error of the mean the lambs. In our study, a significantly higher intake of metabolizable energy from the red clover silage might have affected intramuscular fat deposition in lambs of this group. The increase in intramuscular fat content may be negatively evaluated by some consumers, yet when its content is too low it deteriorates the sensory quality of meat. It is noteworthy that this fat was characterized by the highest content of n-3 PUFAs and by the lowest content of n-6 PUFAs, and thereby by the lowest PUFA n-6:PUFA n-3 ratio. Polyenoic acids belong to bioactive substances. They are precursors of eicosanoids: prostaglandins, prostacyclins, thromboxans, leukotrienes, and lipoxins -tissue hormones with a wide spectrum of actions in the body (Simopoulos 2002) . Eicosanoids are derivatives of n-6 family fatty acids and are more biologically active; their excess compared to the derivatives of n-3 fatty acids may yield adverse effects on the health status of a body. Hence, it is recommended that the ratio between the quantity of n-6 and n-3 fatty acids in a diet should be lower than 4 (Wood et al. 2008) . In this context, less desirable effects were achieved when feeding lambs the silage from red fescue. In addition, fat of these lambs was characterized by a significant decrease in the concentration of stearic acid (C18:0) reported to express a hypocholesterolaemic effect (Ulbricht and Southgate 1991) . It needs to be emphasized, however, that the values of both atherogenic and thrombogenic indices claimed by Ulbricht and Southgate (1991) to be reliable indicators of health risk to consumers, were at a similar level in all groups. When comparing the fatty acid profile of experimental silages and meat of lambs fed with these silages, no directly proportional effect of silage intake was shown on the fatty acid profile of the meat. The intramuscular fat of lambs fed the grass silage was characterized by the highest content of CLA, in spite of the fact that this silage had the lowest content of linoleic acid (C18:2), as the CLA is synthesized in the rumen upon enzymatic biohydrogenation of linoleic acid (Pariza et al. 2001) . It may be speculated that this process was linked by the desaturation of trans-11 C18:1 by D9-desaturase in animals' tissues (Bauman et al. 2000) . The higher content of n-3 PUFAs in the meat of lambs administered the silage from red clover corroborates results of a study by Lee et al. (2009) Dewhurst et al. (2003) . Research done by Simko et al. (2010) suggests that these effects may be due to a low degree of fatty acids biohydrogenation in the rumen and consequently, to a high absorption of n-3 PUFAs in the small intestine. The mechanism relies in, among other things, the inhibition of lipolysis that enables biohydrogenation, and a significant role in this respect is ascribed to polyphenolic oxidase (PPO) known to be very active in red clover (L e e et al. 2008) . Protein-phenolic complexes formed as a result of oxidation by PPO are lipase inhibitors, and this consequently impedes the extent of lipolysis in silages and in the rumen. Our study demonstrated a significantly higher concentration of vitamin E in the meat of ram lambs fed the grass silage compared to silages from papilionaceous plants. A similar effect was reported by Lee et al. (2009) in beef cattle. The contents of some fat-soluble vitamins are also easily manipulated because their contents vary among feeds. Silage can be a good dietary source of α-tocopherol, when its quality allows for high levels of α-tocopherol consumption (Harstad and Steinshamn 2010) . Vitamin E plays a key role in enhancing meat quality. It has been effective in the stability of color and lipids in meat (Arnold et al. 1993 ). This pertains especially to ruminants, where high vitamin E contents from feeding with grasses prevent oxidation of polyunsaturated fatty acids and stabilize meat color (Wood et al. 2008) .
The results of our study indicate that the species of plants used to prepare silage exerts a significant effect on the quality of silage and its intake by lambs. As consequence, it determines nutrient absorption and health-promoting properties of lamb meat.
